The connection between obesity and accelerated cancer progression has been established, but the mediating mechanisms are not well understood. We have shown that stromal cells from white adipose tissue (WAT) cooperate with the endothelium to promote blood vessel formation through the secretion of soluble trophic factors. Here, we hypothesize that WAT directly mediates cancer progression by serving as a source of cells that migrate to tumors and promote neovascularization. To test this hypothesis, we have evaluated the recruitment of WAT-derived cells by tumors and the effect of their engraftment on tumor growth by integrating a transgenic mouse strain engineered for expansion of traceable cells with established allograft and xenograft cancer models. Our studies show that entry of adipose stromal and endothelial cells into systemic circulation leads to their homing to and engraftment into tumor stroma and vasculature, respectively. We show that recruitment of adipose stromal cells by tumors is sufficient to promote tumor growth. Finally, we show that migration of stromal and vascular progenitor cells from WAT grafts to tumors is also associated with acceleration of cancer progression. These results provide a biological insight for the clinical association between obesity and cancer, thus outlining potential avenues for preventive and therapeutic strategies. [Cancer Res 2009;69(12):5259-66] 
Introduction
Identification of factors predisposing patients to cancer progression is critical for devising preventive and therapeutic approaches. An established predisposing factor is obesity, an increasingly widespread medical problem that is associated with several life-threatening diseases (1) . Epidemiologic studies have shown that obesity, defined as a body mass index (BMI) of ≥30 kg/m 2 , correlates with progression of many types of cancer (2, 3) . Given the prevalence of overweight cancer patients, it is critical to identify the mechanisms that mediate tumor progression in obesity. Both obesity and cancer are influenced by common lifestyle elements, such as diet and physical activity (1) . Although there is evidence that dietary modifications affect cancer progression, it is unclear whether this effect is direct or is secondary to the associated BMI reduction. Notably, studies in certain cancers suggest that clinical progression is accelerated in obese patients irrespective of diet (4) . Because obesity is manifested by overgrowth of white adipose tissue (WAT), it has been proposed that WAT itself may have a direct effect on cancer progression (5, 6) .
Tumor growth relies on blood vessel formation. Although tumor vasculature has been long thought to originate exclusively from preexisting adjacent vessels ("angiogenesis"), recruitment of mature and progenitor cells from remote organs may also play a role (7, 8) . Indeed, circulating endothelial progenitors, circulating endothelial cells, and several distinct monocytic populations have been implicated in pathologic neovascularization (9) . The relevance of this type of tumor blood vessel formation ("vasculogenesis") has been shown in animal models: circulating bone marrow-derived progenitors engraft in the tumor vasculature and promote cancer progression (10, 11) . Although differences between human disease and experimental models with respect to clinical relevance of vasculogenesis still remain to be reconciled (12) , endothelial cells are systemically mobilized in human cancer (8, 9) and do engraft into tumor vessels (13) , suggesting a role in disease progression. In addition to endothelial/myeloid progenitors, tumors rely on the recruitment of stromal/pericyte progenitor cells (14, 15) . Accumulating evidence indicates that mesenchymal stromal cells (MSC) represent a source of progenitors with pathologic potential (16) . MSC, originally characterized in bone marrow, and lately discovered in most adult organs, can differentiate into cells of mesenchymal origin, such as osteoblasts, chondrocytes, and adipocytes (17, 18) . MSCs are normally present in the peripheral circulation at low frequency; however, pathologic signals such as hypoxia and inflammation can lead to MSC mobilization and migration (19, 20) . Recently, the capacity of MSC to "sense" cancer as a site of injury or inflammation and home to tumors has been revealed (21) . Based on this, MSCs have been proposed as progenitors of the tumor stromal cells, commonly termed cancer-associated fibroblasts (CAF; refs. 14, 22) .
Although bone marrow has become accepted as a source of progenitor cells, there is also evidence against the recruitment of bone marrow endothelial progenitors by tumors (12, 13) . Other organs, including WAT, have not as yet been well investigated for their contribution to the circulating progenitor populations. Although data on a WAT-derived cellular contribution to cancer are lacking, experiments in rodents have shown that nonbone marrow-derived progenitors contribute to postnatal neovascularization (23) . Moreover, resident endothelial precursors derived from WAT have been shown to mediate revascularization of injured mouse skeletal muscle tissue (24) . WAT is composed of several cell types, including adipocytes, preadipocytes, endothelial cells, pericytes (mural cells), and other stromal cells, as well as infiltrating monocytes/ macrophages (25) . Clinically, expansion of WAT leading to obesity results from adipocyte hypertrophy, as well as hyperplasia driven by proliferation of progenitor cells (26, 27) . Mesenchymal and endothelial progenitor cells reside in the stromal/vascular fraction (SVF) of WAT (28, 29) . The population of CD45 − CD31 − (platelet/ endothelial cell adhesion molecule 1) adipose stromal cells (here referred to as ASC) comprises the majority of cells in the SVF and displays multipotency and proliferative capacity comparable with those of bone marrow MSC while having certain unique features (28, 30) . Recently, our results, confirmed by other investigators, showed that ASCs display characteristics of pericytes and promote blood vessel formation (30) (31) (32) at least partially via trophic effects of ASC-secreted vascular endothelial growth factor and hepatocyte growth factor (33 34) . According to our hypothesis (35) , WAT-derived cells unbalanced by chronic inflammation in obesity (36) can respond to cancer signals, become systemically mobilized and recruited by tumors, and may promote cancer vascularization. Because tumor growth is accelerated by obesity in rodents (37), mice serve as an experimental animal suitable to study the interplay between obesity and cancer. We show that ASC and adipose endothelial cell (AEC) can migrate to tumors where they engraft into their respective compartments. Next, by taking advantage of cells derived from a mouse strain designed for unlimited culture expansion of immortalized cells expressing enhanced green fluorescent protein (GFP), we show that migrating ASC can promote tumor growth. Finally, a newly established experimental model for tracking mobilization of WATderived cells in vivo shows that adipose progenitors can be recruited by cancer from endogenous WAT. Together, these results have implications for the mechanistic understanding of obesity in the setting of cancer.
Materials and Methods
Mouse strains. Animal experimentation was approved by the Animal Welfare Committee of the University of Texas. Tg(CAG-EGFP)B5Nagy/J "GFP mice" (38) and Tg(CAG-EGFP)B5Nagy/J, B6.Cg-Tg(ACTB-mRFP1) 1F1Hadj/J "RFP mice" (39) were from Jackson (stocks 00315 and 005884). The "Immorto/GFP" strain was created by crossing GFP mice with H-2K (b)-tsA58 "Immortomice" (40) . BALB/c, C57BL/6, and NU/NU-Foxn1 nu (nude) mice were from Charles River.
Cell isolation and culture. Cell lines LLC, KS1767, MDA-231, and DU145 were from the American Type Culture Collection. Cell line 4T1.2 was a gift from R. Anderson (Peter MacCallum Cancer Centre, Melbourne, Australia). All cell lines were cultured in DMEM containing 10% FCS ("DMEM/FCS"). Tissues of mice with diet-induced obesity (41) were used for cell isolation as described (30, 42) . The SVF fraction was separated into individual cell populations by FACSAria (BD Biosciences) with the following IgG clones: PE-anti-CD34 MEC14.7, APC-anti-CD31 MEC 13.3, PE-Cy7-anti-CD29 HM B1-1, and APC-Cy7-CD45 30-F11 (BD Biosciences). AECs were cultured in EGM-2MV (Cambrex) on fibronectin; ASC and control stromal cells (mixed population from lung and a clone from bone) were cultured in DMEM/FCS. GFP + cells among peripheral blood mononuclear cells (PBMC) were enumerated with LSR II (BD Biosciences).
Transplantation and cell administration. Tumors were grafted by injecting 10 6 cells in 100 μL PBS s.c. onto upper back. GFP + cells were injected in 100 μL PBS i.v. into tail vein or s.c. For metronomic s.c. ASC administration, the injection side on lower back was alternated daily. For WAT implantation, harvested visceral WAT of GFP mice was implanted as described (43) .
Tissue analysis. Tumor size was measured with a caliper, and volume was calculated as length × width 2 × 0.5 (44) . Tissues were recovered from anesthetized mice after heart perfusion with 10 mL PBS. Immunolocalization of GFP + cells in formalin-fixed paraffin-embedded tissue sections was performed on antigen retrieval, washing with 0.2% Triton X-100, blocking in Serum-Free Protein Block (DAKO), and incubation with primary antibodies (4°C, 12-16 h) and secondary antibodies (room temperature, 1 h) in PBS containing 0.05% Tween 20. The primary antibodies used were as follows: goat anti-GFP from GeneTex (1:300), rabbit anti-RFP from Abcam (1:100), rabbit anti-CD31 from Santa Cruz Biotechnology (1:50), rabbit anti-Ki67 from Chemicon (1:200), and mouse anti-α-smooth muscle actin (αSMA) from Sigma (1:1,000). Secondary donkey FITC-conjugated (1:300) and Cy3-conjugated (1:500) IgG were from Jackson ImmunoResearch. Nuclei were stained with Hoechst 33258 or TOPRO3 (Invitrogen). Images were acquired with a confocal Leica TCS SP5 microscope/LAS AF software or Olympus IX70 inverted fluorescence microscope/MagnaFire software. 
Results
Mouse adipose SVF cells home to tumors. To determine whether WAT-derived cells can be recruited by tumors, we used mice that ubiquitously express GFP (38) termed GFP mice. GFP + cells of the SVF recovered from WAT of GFP mice were analyzed by flow cytometry with antibodies against CD34 marking a subset of stromal and endothelial cells, CD31 marking endothelial cells, CD45 marking hematopoietic cells, and CD29 marking stromal cells (Supplementary Table S1 ). Multicolor flow cytometry indicated that, after culture on plastic for 3 days and subsequent removal of nonadherent hematopoietic cells, the predominant population was comprised by CD31 
Although CD45
+ monocytes constituted only a small fraction of the injected SVF cells, we considered a possibility that they could correspond to the cells homing to tumors due to a genetic background mismatch. However, whereas cultured ASC and AEC express high level of GFP, initially GFP + monocytes/macrophages isolated from WAT of GFP mice by fluorescence-activated cell sorting (FACS) were found to completely lose GFP expression in culture (Supplementary Fig. S1 ). Therefore, although recruitment of monocytes by tumors is likely to occur (9, 10) , the model chosen here does not allow us to detect this population in short-term transplantation experiments. To confirm that the immune reaction against the host tumor is not a mechanism behind homing of SVF cells to tumors, we repeated these experiments in a syngeneic model. The SVF cells (10 6 ) from a strain that ubiquitously expresses red fluorescent protein (RFP) reporter (39) were injected into mice with the matched genetic background (C57BL/6) bearing LLC tumors. As above, immunofluorescence analysis of tissues at several time points after injection showed lodgment of RFP + cells in tumors predominantly close to or within the capsule (Supplementary Fig. S2 ). In contrast, on injection of a matching numbers of cells isolated from lungs via a protocol analogous to WAT SVF isolation (here termed "lung SVF"), only occasional RFP + cells were observed in tumors. Neither WAT-nor lung-derived SVF cells were found in other control organs (Supplementary To analyze homing of adipose cells to tumors based on human cells, we established s.c.-implanted Kaposi sarcoma (KS1767), breast adenocarcinoma (MDA-231), and prostate adenocarcinoma (DU145) xenografts in immunodeficient "nude" mice. In contrast to the tumor allograft capsule-associated localization trend, GFP + cells tended to distribute throughout the tumor in all three xenograft models (Fig. 1B) . Some of the GFP + cells seemed to contain multiple nuclei (Fig. 1C) , which could result from cell fusion (45) . Analysis of tissues with anti-Ki67 antibodies showed that GFP + cells were predominantly quiescent, as only rare proliferating (Ki67 + ) GFP + cells were detected (Fig. 1D ). Comparison of the frequencies for WAT and lung SVF cells in tissues showed that in each case,~50 to 100 GFP + cells per cm 2 were observed in KS1767 tumors and 1 to 5 GFP + cells per cm 2 were observed in lungs ( Supplementary Fig. S3 ). As in immunocompetent mice, neither WAT-nor lung-derived SVF cells were found in other control organs.
To analyze biodistribution of injected cells by an independent method, we used a quantitative ex vivo replating assay based on enzymatic tissue digestion. One day after injection of 10 6 GFP + WAT SVF cells, tissue cell suspensions were cultured for 6 hours, after which attached GFP + cells were counted to enumerate donor cells (Supplementary Fig. S4A ). GFP + cells were observed among the attached KS1767 xenograft-derived cells at a frequency of 0.5% + 0.3%. Provided 10 8 cells per tissue were plated in this assay, our data show that ∼5 × 10 5 (50%) of the injected cells are recruited by tumor. This is consistent with only occasional GFP + cells (<0.01% among attached cells) that were recovered from lungs, thus corresponding to ∼1% of injected ASC cells lodged in the lungs. No GFP + cells were recovered from other organs analyzed, consistent with the immunolocalization data. Combined, these results indicate that the majority of injected WAT SVF cells home to tumors in models based on mouse and human cancer cells in both immunocompetent and immunodeficient mice.
Adipose SVF cells engraft into distinct tumor compartments. We next explored long-term lodgment of ASC by injecting 10 6 single-passage adipose SVF cells i.v. into mice bearing KS1767 xenografts. We analyzed tissues 1 and 2 weeks after injection. At both time points, >80% of the GFP + cells in tumors were localized within the stroma, suggesting their ASC identity, whereas the rest of the GFP + cells seemed associated with the vasculature. At day 7, ∼25% of small tumor vessels were found to contain threads of GFP + cells, which by day 14 have acquired the morphology of microvessels undistinguishable from the rest of the tumor capillaries (Fig. 2) . To identify the precise location of adipose cells relative to the vascular wall, we costained GFP in tissues with CD31 and αSMA marking pericytes (30, 32) . Confocal microscopy analysis showed that 5% to 10% of the vessel-associated GFP + expressed CD31, suggesting their endothelial identity ( Fig. 2A) . The endogenous GFP − /αSMA + pericytes were observed as perivascular cells wrapped around GFP + cells in capillaries (Fig. 2B) , consistent with GFP + cells being integrated into the lumen. Only ∼1% of vessel-associated tumor-localized GFP + cells were αSMA + (Fig. 2B) , indicating that perivascular localization of donor cells is generally not related to αSMA expression. These data show that WAT-derived cells are capable of infiltrating different tumor compartments and suggest that cells of both stromal and endothelial lineage are recruited by tumors. Confocal microscopy analysis of lungs from the same mice showed that WAT-derived cells occasionally entrapped in lungs are CD31 − and do not become incorporated into the lumen ( Supplementary Fig. S4B ), suggesting that cancer is a prerequisite of vascular engraftment. ASC and AEC independently engraft their niches in tumors. To directly test tumor engraftment capability independently for ASC and AEC, we isolated SVF cells from GFP mice and sorted them by FACS to isolate GFP + /CD45 − /CD34 + /CD31 − stromal and GFP + /CD45 − /CD34 + /CD31 + endothelial cells (Fig. 3A) . These two cell populations were expanded over a single passage for 3 days (ASC) or 1 week (AEC) in DMEM/FCS and EGM2-MV media, respectively (Fig. 3B) . Consistent with the established cellular phenotypes (30), the ASC fraction was composed of fibroblast-shaped cells, whereas the AEC fraction (which took longer to attach and proliferate) was composed of smaller cells that formed networks at higher confluency. For each cell population, 2.5 × 10 5 cells were administered into mice carrying KS1767 xenografts. After 1, 7, and 14 days, tissues were recovered and subjected to anti-GFP/anti-CD31 immunofluorescence. At day 1, GFP + AEC and ASC were found specifically in tumors, where they seemed localized inside the blood vessels. By days 7 and 14, engrafted ASC and AEC have acquired stromal and vascular localization, respectively (Supplementary Fig. S5 ). ASC tended to align along the endogenous GFP − /CD31 + endothelium (Fig. 3C ). In contrast, many of the GFP + AEC seemed incorporated into the vascular wall ( Fig. 3C ; − and some AEC being CD31 + (overlapping yellow signal). Z-stack projection of a median series through the TOPRO3 + (blue) nucleus confirms single-cell identity of GFP + CD31 + AEC. Bottom, separated GFP and CD31 channels. Scale bar, 10 μm. Supplementary Fig. S5 ). Confocal Z-stack projection of median series confirmed individual cells to express both GFP and CD31, as revealed by nuclear projection in different planes (Fig. 3C) .
S.c.-administered ASCs migrate to tumors through systemic circulation. Previous studies attempting to model the effect of bone marrow MSC and ASC on tumor growth have involved acute administration of single doses of cells into animals (21) . We reasoned that metronomically repeated long-term treatment of experimental animals with low doses of WAT cells would better simulate the chronic pathologic recruitment of adipose cells by tumors. Because i.v. injections conventionally used for cell administration are invasive in mice, it was first necessary to establish an alternative cell delivery method for metronomic treatments. To determine whether s.c. administration route is compatible with migration of WAT cells to tumors, we injected GFP + WAT SVF cells under the skin of KS1767-xenografted mice. To monitor biodistribution, we quantified the amount of circulating GFP + cells in the peripheral blood by flow cytometry (Fig. 4A) . Analysis of PBMC showed that s.c.-injected cells were detectable in circulation as early as 5 minutes after injection and began clearing the circulation after 6 hours (Fig. 4B) . We then determined whether this route of cell administration is compatible with their homing to tumors. GFP + WAT SVF cells were s.c. injected into mice bearing KS1767 xenografts proximately (within 1 cm) to the tumor and a matched cohort of mice received a s.c. injection of the cells distantly from the tumor (5 cm away) on the contralateral flank. Immunofluorescence analysis of tumors recovered 2 weeks later revealed comparable numbers of GFP + cells in the stromal and perivascular compartments in all s.c.-injected and i.v.-injected mice, suggesting that ASCs home to tumors irrespective of the administration route (Fig. 4C) .
ASCs promote tumor growth. To test if ASC could contribute to cancer progression, we set out to determine if their chronic recruitment by tumors is sufficient to promote experimental cancer in mice. To generate a continuous ASC supply for metronomic administration in a long-term cancer progression study, we have developed a mouse model that allowed us to establish a consistent source of readily available ASC. This new mouse strain, Immorto/ GFP, was created by crossing GFP mice (38) with Immortomice that ubiquitously express a temperature-sensitive SV40 T antigen (40) . Cells from Immorto/GFP mice can be indefinitely cultured at permissive temperature (33°C), whereas at 37°C temperature the SV40 T is degraded, thus rendering GFP + cells physiologically normal in vivo. To this end, we have isolated stromal cells from WAT, lungs, and bone marrow of Immorto/GFP mice, immortalized them, and propagated for >20 passages ( Fig. 3; Supplementary Fig. S1 ).
To test the effect of ASC recruitment on cancer progression, we used nude mice, which have low amount of endogenous WAT. Daily injections of 10 4 immortalized ASC or control cells were performed s.c. (distantly to tumor) for 6 weeks starting 1 day after KS1767 xenografting. Tumor growth was monitored for ASC-injected mice, control (noninjected) mice, and mice injected with the following controls: (a) immortalized lung stromal cells from Immorto/GFP mice, (b) immortalized bone stromal cells from Immorto/GFP mice, (c) 3T3-L1 fibroblasts, and (d) saline. After 2 weeks of treatment, tumor growth rate accelerated in ASC-injected mice but not in mice injected with control cells (Fig. 5A and B) . The positive effect of ASC on tumor growth was reproduced in DU145 prostate cancer xenograft model (Fig. 5A) . Analysis of tumors recovered from representative mice at week 6 revealed ASC accumulation in tumors but not in control tissues ( Fig. 5C; Supplementary Fig. S6 ).
Migration of cells from WAT is associated with accelerated cancer progression. As a step toward understanding WAT as a source of progenitor cells in disease, we adapted a model based on implantation of WAT into nude mice, which have little endogenous WAT (43) . As a source of WAT for transplantation, we used GFP mice, therefore making WAT-derived cells traceable in the host. Histologic examination indicated that at weeks 1 to 6, implants (average size, 1-2 cm 3 ) predominantly contained anatomically normal WAT, which was confirmed by immunofluorescence showing typical cellularity and vascularization of GFP + implants (Fig. 6A ). To test whether WAT cells can migrate to tumors, 10 days after GFP + WAT implantation, KS1767 or LLC cells were grafted into the same animal ∼2 cm away from the WAT implant. Changes in tumor size were quantified over a 5-week period for the KS1767 model and over a 2-week period for the LLC model, in which tumors became hemorrhagic and critically large at later time points (Fig. 6B ). For each model, tumors grew significantly faster in mice carrying adipose implants (Fig. 6B and C) , suggesting that cancer progression is facilitated by WAT. Immunofluorescence analysis of tissues from experimental WAT-grafted animals revealed numerous GFP + cells within the tumors (Fig. 6D) . For most GFP + cells, localization was stromal or perivascular; however, in some cases, vascular localization of GFP + cells was observed (Fig. 6D ). These observations suggest that both ASC and AEC populations of WAT can be recruited by tumors and may contribute to cancer progression through engagement into tumor vascularization.
Discussion
Recent studies showing the recruitment of bone marrowderived progenitor cells in cancer have shifted the paradigm of tumor vascularization, which had been originally thought to occur exclusively through local angiogenesis (8) . However, the full spectrum of circulating stromal/vascular progenitors-along with their origins, as well as roles in disease-are yet to be fully understood. According to our hypothesis (35) experimentally tested here, WAT represents a source of progenitor cells alternative or complementary to bone marrow, which may at least partially explain a mechanistic basis for the observed effect of obesity on cancer progression (2, 3) . We proposed that recruitment of WAT stromal and and LLC tumors in mice with (green) or without (white) WAT implants. Points, mean between five mice per group; bars, SE. *, P < 0.1 (KS1767) and P < 0.05 (LLC; Student's t test). C, representative WAT-implanted and control mice at week 2. D, section of a KS1767 tumor from a WAT-implanted mouse subjected to anti-GFP (green)/anti-CD31 (red) immunofluorescence. Blue, nuclear Hoechst 33258 staining. Scale bar, 100 μm.
endothelial cells, excessively abundant in obese individuals, into growing tumors promotes tumor vascularization and growth.
We have tested our hypothesis in seven different mouse models of cancer: three human tumor xenograft models in immunodeficient mice and four murine tumor allograft models in immunocompetent mice. For transplantations, we have used both: genetic background-unmatched cells (from GFP mice) or syngeneic cells (from RFP mice). We used alternative approaches to analyze migration of adipose cells in vivo, which unequivocally showed that WAT-derived cells home to tumors irrespective of the model, unlike lung-derived cells, biodistribution of which may be model dependent. To advance beyond the recent reports on single-dose administration of acute cell doses (46, 47) , we have designed new models that more realistically simulate physiologic cell recruitment relative to clinical settings. Aided by a mouse strain that we had generated for culture expansion of traceable cells, we have administered adipose cells into the s.c. compartment, after which their involvement into tumor growth was analyzed. In another model, based on allotransplantation of traceable whole WAT into lean mice, recruitment of adipose cells by tumors was investigated. Our results indicate that in each model, adipose cells are recruited by tumors. These observations suggest that mobilization of cells from endogenous WAT may take place, resulting in their migration to and engraftment into tumors. Our recent report identifies SPARC (secreted protein, acidic and rich in cysteine) and CD29 (also known as β1 integrin) as molecules implicated in mobilization of ASC (42) . The detailed molecular pathways that govern WAT cell migration are yet to be fully characterized.
Previous attempts to quantify the extent of endothelial progenitor contribution to tumor vasculature and cancer progression have generated conflicting data (11, 12) . It has also been debated if mesenchymal cells could contribute to tumor vasculature (16, 28, 47) . Although vascular mimicry (8) could partially account for vascular localization of transplanted cells, a mere lack of control over the complex compositions of cell populations under investigation in certain studies could account for these controversies. Here, we show that although both ASC and AEC home to tumors, these different SVF populations independently engraft separate niches. Stromal/ perivascular localization of ASC and vascular localization of AEC were observed, as well as partially preserved expression of pericyte and endothelial markers on ASC and AEC, respectively. Our study represents the first systematic comparative analysis of tumor homing and engraftment capacities displayed by different populations of WAT-derived cells. Although migration of WAT-derived macrophages to tumors was not analyzed in this study, it would be important to address in the future.
Bone marrow has been proposed as a source of mesenchymal tumor cells/CAF that might facilitate not only cancer progression but also cancer initiation (14, (48) (49) (50) . Gene expression analyses have pointed to MSC as an origin of CAF (20, 22, 46, 51) . As per the results presented here, recruitment of metronomically administered ASC (representing WAT MSC population) by tumors is sufficient to promote cancer progression. Recent studies in mouse tumor models show that systemically infused patient-derived adipose cells home to tumors (44) and that coadministration of mouse adipose cells with tumor cells promotes tumor take and growth (46, 47) , consistent with our results. Because ASCs secrete angiogenic factors (30, 34) , they could mediate cancer progression through stimulating tumor vascularization. The immunosuppressive effects of MSC (52) provide an additional possible mechanism for the ASC-dependent stimulation of tumor growth. Interestingly, several studies have reported lack of or inhibitory effects of MSC on cancer progression (21), consistent with stromal cells from bone marrow and lung being neutral in our studies. This could be explained either by unique functions inherent to stromal cells residing in different organs or by differential enrichment of stromal subpopulations with cancer-promoting properties in culture, which in our study might have occurred for WAT-derived but not for lung-and bone-derived MSC. The apparent heterogeneity of mesenchymal cells, reflected by heterogeneity of CD34 expression on stromal and perivascular cells depending on the organ and the vasculature type (28, 53) , alerts for caution in making general conclusions about MSC functions without their rigorous comparative analysis (16) . Although future studies will help to identify the predeterminants of stromal cell effect on tumors, a growing body of evidence suggests that ASC and bone marrow-derived MSC under certain conditions can accelerate cancer progression. These observations will require careful investigation of the effects of adult stem cell expansion ex vivo and most likely caution in their projected clinical applications in the context of cancer (35) .
The uncovered role of ASC in supporting tumor neovascularization provides a new insight on the mechanisms linking obesity and cancer. Although our data do suggest that WAT provides a functional cellular contribution, soluble adipose factors are quite certainly implicated in tumor growth as well. WAT is a potent endocrine organ secreting hormones, growth factors, and cytokines, such as insulin, leptin, adiponectin, hepatocyte growth factor, and insulin-like growth factor-I. These adipokines may stimulate cancer progression in addition to being integral components of the metabolic syndrome (6, 33, 36, 54) . Given the stark contrast between experimental tumor models and true human cancer, follow-up clinical studies will be necessary to determine whether mobilization of adipose cells occurs in cancer patients and to define relative roles of cells and soluble factors and in disease progression.
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